Process for the preparation of aromatic azo-compounds 



Cross-reference to related application 

5 This application claims the benefit of UK patent application no. GB 0221 515.0. 
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The present invention relates to a process for the preparation of aromatic azo- 
compounds, in particular 3,3^-a2o-bis(6-hydrox7ben2oic acid) 1 (olsalazine) and its 
salts and derivatives. The process of the current invention is very efficient and 
enables the preparation of 3,3'-a2o-bis(6-hydroxyben2oic acid) 1 and its salts and 
derivatives in high yield with low operating costs on a manufacturing scale. 




Background art 

Certain 3,3'-a2o-bis(6-hydroxyben2oic acid) derivatives have usefiil properties and 
can be used as pharmaceuticals or dyestuffs. One such compound, the disodium 
salt of 3,3*-a20-bis(6-hydroxyben2oic acid) 1 [disodium olsalazine Id] is marketed as 
a pharmaceutical for the treatment of ulcerative colitis under the trade name 
Dipentum*. 

Processes for the preparation of 3,3'-a2o-bis(6.hydroxy benzoic acid) 1 and its salts 
and derivatives are known and have been disclosed in patents EP 0036636 and DD 
276863. 
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The inventors of the present application have developed a process, particularly 
useful for industrial scale manufacture, as it is short, simple and high yielding. The 
process docs not use any hazardous or difficult to handle reagents and is an 
improvement on currently known processes for the industrial scale manufacture of 
3,3'-a2o-bis(6-hydroxyben2oic acid) 1 and its salts and derivatives. 

Summary of the invention 

A first aspect of the present invention is a process for the preparation of an 
aromatic azo-compound 4 

4 a 

or a salt thereof, 

comprising the step of treating aromatic amino-compounds 5 and 6 

" 5 5 

with (i) hydrogen peroxide and acetic acid, foUowed by (ii) cone, sulphuric acid, to 
yield aromatic azo-compound 4 or a salt thereof, wherein 

each m and each n is independently 0, 1. 2, 3, 4 or 5, and 

each R' and each R^ is independently an optionally substituted alkyl, alkenyl, 
alkynyl, aryl, arylalkyl. arylalkenyl. atylalkynyl, alkylaryl, alkenylatyl or alkynylaryl 
group which may include one or more heteroatoms N. O or S in its carbon skeleton, 
-F. -CI, -Br. -I. -CF3. -CCI3. -CBr,, -CI,, -OH. -SH, -NH,. -CN, -NO,. -COOh' 
-R^O-R\ -R^S-RV -R^SO-R\ -R'-SO,-R\ -R^SO,-OR^ -R'0-SO,-R^ 
-R'-SO,-N(R«), -R^NR^SO,-R^ -R'0-SO,-OR^ -R'0-SO,-N(R^, 
-R^-NR*-SO,-OR\ -R^-NR^-SO,-N(R^), -R'-N(RO,. -^'-^(JL\\ -R^P(R^), 
-R'-Si(R«)3. -R3.CO-R*, -R'-CO-OR*, -R^O-CO-R\ -R^CO-N(R^),. -R»-NR«-CO-R\ 
-R^O-CO-OR*. -R^O-CO-N(R^,. -R».NR^CO-OR\ -R»-NR*.CO-N(R^,. -R'-CS-R^ 
-R^CS-OR\ -R30-CS-R^ -R^CS-N(R^,. -R'-NR^CS-R^ -R^O-CS-OR^ 



-R'0-CS-N(R*)2, -R^-NR^CS-OR* or -R^-NR^CS-N(R^„ all optionally protected, 
wherein 

each -R'- is independently a chemical bond, a alkylene, Ci-C,o 

alkenylene or C,-Ciq alkynylene group, and 

each -R^ is independently hydrogen, unsubstituted C^-C^ alkyl or 
unsubstituted C^-C^q aryl. 

Concentrated sulphuric acid preferably contains at least 95% sulphuric acid, 
preferably at least 98% sulphuric acid, and more preferably at least 99% sulphuric 
acid. 

Preferably each m and each n is independently 1, 2 or 3. 

Preferably each R* and each R^ is independently an optionally substituted alkyl, 
alkenyl, alkynyl, aryl, arylalkyl, arylalkenyl, arylalkynyl, alkylaryl, alkenylaryl or 
alkynylaryl group which does not contain any heteroatoms, -F, -CI, -Br, -I, -OH, 
-COOH, -R^-0-R^ -R^-S-R^ -R^-NCR^)^, -R^-CO-R\ -R^-CO-OR^ or -R^-CO-NCR^„ 
all optionally protected, wherein 

each -R'- is independently a chemical bond, a Cj-C,,, alkylene, C,-Cio 
alkenylene or C^-C^q alkynylene group, and 

each -R^ is independently, hydrogen, unsubstituted C^-C^ alkyl or 
unsubstituted Cg-Cjo aryL 

More preferably each R* and each R^ is independently an unsubstituted alkyl, 
alkenyl, alkynyl, aryl, arylalkyl, arylalkenyl, arylalkynyl, alkylaryl, alkenylaryl or 
alkynylaryl group which does not contain any heteroatoms, -F, -CI, -Br, -I, -OH, 
-COOH, -OR*, -SR^ .N(R^„ -COR*. -COOR* or •COK(R%, all optionally 
protected, wherein 

each -R* is independently hydrogen, unsubstituted C^-C^j alkyl or 
unsubstituted C^-C^o a^yl- 

For the purposes of the present invention, an "alkyl" group is defined as a 
monovalent saturated hydrocarbon, which may be straight-chained or branched, or 
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be or include cyclic groups. Examples of alkyl groups are methyl, ethyl, ;7-propyl, /- 
propyl, /r-butyl, /-butyl, /-butyl and «-pentyl groups. Preferably an alkyl group is 
straight-chained or branched and does not include any heteroatoms in its carbon 
skeleton. Preferably an alkyl group is a C,-C,i alkyl group, which is defined as an 
S alkyl group containing from 1 to 12 carbon atoms. More preferably an alkyl group 
is a Cj-Cg alkyl group, which is defined as an alkyl group containing from 1 to 6 
carbon atoms. An "alkylene" group is similarly defined as a divalent alkyl group. 



An "alkenyl" group is defined as a monovalent hydrocarbon, which comprises at 
10 least one carbon-carbon double bond, which may be straight-chained or branched, 
or be or include cyclic groups. Examples of alkenyl groups are vinyl, allyl, but-1- 
enyl and but-2-enyl groups. Preferably an alkenyl group is straight-chained or 
branched and does not include any heteroatoms in its carbon skeleton. Preferably 
an alkenyl group is a Q-Cjz alkenyl group, which is defined as an alkenyl group 
IS containing from 2 to 12 carbon atoms. More preferably an alkenyl group is a Cz-C^ 
alkenyl group, which is defined as an alkenyl group containing from 2 to 6 carbon 
atoins. An "alkenylene" group is similarly defined as a divalent alkenyl group. 



An "alkynyl" group is defined as a monovalent hydrocarbon, which comprises at 
20 least one carbon-carbon triple bond, which may be straight-chained or branched, or 
be or include cychc groups. Examples of alkynyl groups are ethynyl, propargyl, but- 
1-ynyl and but-2-ynyl groups. Preferably an alkynyl group is straight-chained or 
branched and does not include any heteroatoms in its carbon skeleton. Preferably 
an alkynyl group is a Cj-Cia alkynyl group, which is defined as an alkynyl group 
2S containing from 2 to 12 carbon atoms. More preferably an alkynyl group is a Cj-C^ 
alkynyl group, which is defined as an alkynyl group containing from 2 to 6 carbon 
atoms. An "alkynylene" group is similarly defined as a divalent alkynyl group. 

An "aryl" group is defined as a monovalent aromatic hydrocarbon. Examples of 
SO aryl groups are phenyl, naphthyl, anthracenyl and phenanthrenyl groups. Preferably 
an aryl group does not include any heteroatoms in its carbon skeleton. Preferably 
an aryl group is a €4-0,4 aryl group, which is defined as an aryl group containing 
from 4 to 14 carbon atoms. More preferably an aryl group is a Cg-Cio aryl group. 



which is defined as an aryl group containing from 6 to 10 carbon atoms. An 
"arylene" group is similarly defined as a divalent aryl group. 

\XTiere a combination of groups is referred to as one moiety, for example, arylalkyl, 
aryklkenyl, arylalkynyl. alkylaryl, alkenylaryl or alkynylaryl, the last mentioned group 
contains the atom by which the moiety is attached to the rest of the molecule. A 
typical example of an arylalkyl group is benzyl. It should be noted that in the 
priority appUcation GB 0221515,0, an "alkylaryl" group is defined as encompassing 
a benzyl group, whereas in the present appUcation a benzyl gtoup is an arylalkyl 
group. 

For the purposes of this invention, an optionaUy substituted alkyl. alkcnyl, alkynyl. 
aryl, arylalkyl, arylalkenyl, arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group may 
be substituted with one or more of -F, -CI. -Br, -I. -CF„ -CCl,, -CBt^, -CI3, -OH, 
-SH, -NH,. -CN. -NOj. -COOH. -R^O-R*, -R^-S-R*, -R*-SO-R«. -R'-SO,-R^ 
-R»-SO,-OR\ -R»0-SO,-R^ -R'-SO^-N(R^„ -R^NR*-SO,-R*. -R'0-S0,-OR*.' 
-R'0-SO,-N(R^„ -R^-NR*-SO,-OR^ -R»-NR*-SO,-N(R% -R^-N(R% -R'-N(R^3*. 
-K'-P(R.% -R'-Si(R^)„ -R^CO-R*, -R'-CO-OR*. -R'0-CO-R«, -R'-CO-N(R% 
-R^NR*-CO-R^ -R^O-CO-OR^ -R^O-CO-N(R^),. -R^NR*-CO-OR*,' 
-R'-NR^CO-N(R^,. -R^CS-R\ -R^CS-OR*, -R^O-CS-R«, -R^CS-N(R^J 
-R'-NR^CS-R^ -R'O-CS-OR*, -R'0-CS-N(R*),. -R'-NR^CS-OR*] 

-R'-NR"-CS-N(R^j or -R^ In this context, -R^- is independently a chemical bond, a 
C,-C,o alkylene, C.-C,, alkenylene or C,-C,o alfcynylene group. -R^ is independently 
hydrogen, unsubstituted C.-C^ alkyl or unsubstitutcd C,-C,o aryl. Optional 
8ubstituent(s) are not taken into account when calculating the total number of 
carbon atoms in the parent gtoup substituted with the optional substituent(s). 

Any optional substituent may be protected, for example, during the oxidation- 
dimerization reaction. Suitable protecting groups for protecting optional 
subsrituents are known in the art, for example from 'Trotective Groups in Organic 
Synthesis" by T.W. Greene and P.G.M. Wuts (Wiley-Interscience. 2""* edition. 1991). 
which is hereby incorporated by reference in its entirety. 
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Aromatic amino-compounds 5 and 6 may be the same and together form a 
symmetric aromatic azo-compound 4. Alternatively, aromatic amino-compounds 5 
and 6 may be different and togediet form an asymmetric aromatic azo-compound 4. 

S A second aspect of the present invention is a process for the preparation of 3,3*- 
azo-bis(6-hydroxyben2oic acid) 1 

HO2C CO2H 
HO— / y-N=N— fV-OH 
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or a salt or derivative thereof, comprising the step of treating a 5-amino saHcycUc 
add derivative 2a 

X-OC 



HO 




•NH, 



or a salt or derivative thereof, with (i) hydrogen peroxide and acetic acid, foUowed 
by (ii) cone, sulphuric acid, to yield a 3,3'-a20-bis(6-hydroxybenzoic acid derivative) 
la 



HO 




OH 



15 or a salt or derivative thereof, wherein 
X is OR, SR or N(R)j, 

when X is OR or SR, R is independendy an optionaUy substituted alkyl, 
alkenyl. alkynyl, aryl, arylalkyl, arylalkenyl, arylalkynyl, alkylaryl, alkenylaryl or 
alkynylaryl group which may include one or more heteroatoms N, O or S in its 
20 carbon skeleton, hydrogen, -Si(alkyl)j or -SnCalkyl),, and 

when X is N(R)2, each R is independendy an optionaUy substituted alkyl, 
alkenyl, alkynyl, aryl. arylalkyl.. arylalkenyl, arylalkynyl. alkylaryl, alkenylaryl or 
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alkynylaryl group which, may include one ot mote hctetoatoms N, O ot S in its 
catbon skeleton, hydrogen, -SO,-(atyl), -NH,. -NH(alky]) ot -NH(aiyl), ot both R 
together form an optionally substituted cycloheteroalkyl, cycloheteroalkenyl ot 
hetetoaryl group. 

5 

In preferred embodiments. X is a carboxyl protecting group. Suitable catboxyl 
ptotecting groups are commonly known in the art, for example from Chapter 5 of 
"Protective Gtoups in Organic Synthesis" by T.W. Greene and P.G.M. Wuts (Wiley- 
Intetscience. 2"" edition. 1991). which is heteby incotpotatcd by reference in its 
10 entiret7. 

"Alkyl". "alkenyl", "alkynyl". «atyl". ''atylalkyl". "atylalkenyl". "arylalkynyl", 
"alkylatyl". "alkenylaiyn "alkynylatyl", "alkylene". "alkenylene". "alkynylene" and 
"arylene" ate defined as above with tefetence to the fitst aspect of the ptesent 
IS invention. A "cycloheteroalkyl". "cyclohetctoalkenyl" and "hetetoatyl" gtoup is 
defined accordingly as a cycUc alkyl. alkenyl ot atyl group tespectively, which 
comprises at least one hetetoatom N. O ot S as patt of die cycUc system. 

Fot the purposes of this invention, a "salt" of 3,3'-a2o-bis(6-hydtoxyben2oic acid) 1 
20 is foimed between a carboxylic acid functionality of 3,3'-a2o-bis(6-hydroxyben2oic 
acid) 1 and a suitable cation. Suitable cations include, but are not limited to Uthium. 
sodium, potassium, magnesium, calcium and NH,*. Ptefetably the salt is a 
phatmaceuticaUy acceptable salt. Preferably the salt is a Uthium, sodium, potassium, 
magnesium, calcium ot NH/ salt. Mote preferably the salt is a sodium salt. 

A "derivative" of 3,3--a2o-bis(6-hydtoxyben2oic acid) 1 is formed at a carboxylic 
acid ot an alcohol functionaUty of 3.3'-a2o-bi8(6-hydtoxyben2oic acid) 1. Suitable 
derivatives include, but ate not limited to estets, diiol estets and amides. Ptefetably 
the derivative is a phatmaceuticaUy acceptable derivative. Ptefetably the derivative 
30 is an estet, thiol estet ot amide. 

Most ptefetably X is OR and R is an optionally substituted alkyl. atyl or arylalkyl 
gtoup. Preferably X is OR and R is an unsubstituted alkyl group, preferably an 
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unsubstituted C,-Q alkyl group, more preferably methyl. Alternatively. X is OR and 
R is an optionally substituted arylalkyi group, preferably benzyl. 

The process may further comprise a step of deprotecting the 3.3'-azo-bis(6- 
hydroxybenzoic add derivative) la to yield 3.3'-azo-bis(6-hydroxybenzoic acid) 1 or 
a salt or other derivative thereof. Preferably X is OR and a 3.3'-a*o-bis(6- 
hydroxybenzoic acid ester) lb is deprotected with sodium hydroxide to yield the 
dasodium salt Id of 3.3'-a3o-bis(6-hydroxybenzoic add). More preferably X is OR 
both R are methyl and a dimethyl-3.3'-azo-bis(6-hydroxybenzoate) Ic is deprotected' 
with sodium hydroxide to yield Ae disodium salt Id of 3.3'-azo-bis(6- 
hydroxybenzoic acid). 



A ti^ird aspect of the present invention is 3,3'-azo-bis(6-hydroxybenzoic add) 1 or a 
salt or derivative thereof, obtained by a process of the second aspect of the present 
// invention. A preferred salt of 3.3'-azo-bis(6-hydroxybenzoic acid) 1 is the disodium 



salt Id. 



A fourth aspect of the present invention is a pharmaceutical composition 
comprising 3,3'-azo-bis(6-hydroxybenzoic acid) 1 or a salt or derivative thereof as 
20 provided by the third aspect of the present invention, and a pharmaceutically 
acceptable carrier or diluent. 

A fifth aspect of the present invention is a method of treating an inflammatory 
disease, preferably ulcerative coUtis. comprising administering a pharmaceuticaUy 
2S effective amount of 3.3'-azo.bis(6-hydroxybenzoic add) 1 or a salt or derivative 
thereof, obtained by a process of the second aspect of the present invention, to a 
subject in need of such treatment. 



30 



Brief description of the drawings 

Figure 1 is a schematic illustration of d.e general process of the present invention. 
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Figure 2 is a schematic iUustration of a preferred process of the present invention 
for the preparation of 3.3'-azo-bis(6-hydroxybenzoic acid) 1 or a salt or derivative 
thereof. 

Figure 3 is a schematic iUustration of a preferred process of the present invention 
for the preparation of 3.3'-a2o-bis(6-hydroxybenzoic acid) 1 or a salt or derivative 
thereof, via the 3,3'-a2o-bis(6-hydroxyben2oic acid ester) lb. 

Figure 4 is a schematic iUustration of a preferred process of the present invention 
m for the preparation of 3,3'-a2o-bis(6-hydroxyben2oic acid) 1 or a salt or derivative 
thereof, via the dimethyl-3,3'-a2o-bis(6-hydroxyben2oate) Ic. 

Detailed description of the iiivention 

15 A first aspect of the present invention is a process for the preparation of an 
aromatic azo-compound 4 using an oxidation-dimeri2ation reaction of aromatic 
amino-compounds 5 and 6 to form the a2o-linkage. Figure 1 oudines a possible 
reaction mechanism. Two different aromatic amino-compounds 5 and 6 can be 
used, if an asymmetric aromatic a2o-compound is required. The reagents for the 
oxidatioa-dimerization reaction ate (i) hydrogen peroxide and acetic acid, foUowed 
by (ii) concentrated sulphuric acid. 

A second aspect of die present invention is a process for die preparation of 3,3'- 
a2o-bis(6-hydroxyben2oic acid) 1 (olsalazine) or a salt or derivative thereof, 
comprising the step of treating a 5-amino saUcycUc acid derivative 2a with (i) 
hydrogen peroxide and acetic acid, foUowed by (ii) concentrated sulphuric acid, to 
yield a 3,3'-a2o-bis(6-hydroxyben2oic acid derivative) la. Figure 2 oudines a 
possible reaction mechanism. 



As can be seen in Figure 2, the process involves a key oxidation-dimerization step 
to form the azo-linkage and to afford die azo-compound la. This is a novel 
approach compared to die prior art for forming die azo-Unkage of olsalazine 1 or a 
salt or derivative thereof. The oxidation-dimerizarion reaction also produces a by- 
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product 3a, but compound 3a can conveniently be converted to the required azo- 
product la in exceUent yield, in die same 'pof, by use of concentrated sulphuric 



acid. 



A preferred embodiment of the second aspect of the invention is when 5-amino 
salicycUc acid derivative 2a is an ester 2b, as illustrated in Figure 3. Ester 2b is 
preferably a C,-C, alkyl ester with R being C,-C, alkyl. A particularly preferred 
embodiment is when ester 2b is a mediyl ester 2c with R being methyl, as iUustrated 
in Figure 4. 

An example of the process of die second aspect of the invention is the preparation 
of compound Id. the disodium salt of 3,3'-azo-bis(6-hydroxyben2oic acid) 1, 
depicted in Figure 4. The process illustrated in Figure 4 is an example of the 
process of Ae present invention and detailed procedures for this process are found 
in the experimental section. Compounds of the present invention are also 
exemplified in Figure 4 and in the experimental section. 

Further aspects of the current invention are olsalazine 1 and disodium olsalazine Id, 
when prepared by a process of the present invention. 

The process of the present invention is very efficient and enables the preparation of 
3.3'-a2o-bis(6-hydroxyben2oic acid) 1 and its salts and derivatives in high yield widi 
low operating costs on an industrial scale. The process is short, simple and high 
yielding, does not use any hazardous or difficult to handle reagents, and is an 
improvement on currendy known processes for die industrial scale manufacture of 
3,3'-a2o-bis(6-hydroxybenzoic acid) 1 and its salts and derivatives. Optionally 3,3'- 
a2o-bis(6-hydroxyben2oic acid) 1 and its salts and derivatives may be manufactured 
in batches of 10kg or more, or even 30kg or more. 

Expetimental procedure 



Methvl S-amin o galiry laf#. 



In a 5 litre four neck flask, fitted with reflux condenser, dropping funnel, 
thermometer pocket and overhead stirrer, was charged methanol (3500 ml) and 5- 
amino salicyHc acid 2 (500 g, 3.26 mol) with stirring. To the resulting slurry, thionyl 
chloride (600 ml, 8.16 mol) was added dropwise over a period of two hours by 
maintaining the temperature of the reaction mass around 35-40**C. After the 
addition of thionyl chloride was over, the reaction mixture was refluxed for -15-16 
hours. Over the period the reaction mixture became a brown coloured, thin slurry* 
The progress of the reaction was monitored by thin layer chromatography (dc). 
After 5-amino salicylic acid content decreased below 1.0% (based on tic), the 
reaction was worked up as follows: methanol (2000 ml) was removed by distillation 
at atmospheric pressure and remaining methanol was swapped with water (3 x 1000 
ml) under reduced pressure (-200-250 nmi of Hg) to get the slurry. This slurry was 
poured into water (3500 ml) and the pH of the solution was adjusted to --5,0 with 
25% (w/v) NaOH solution (-750 ml) and then to 7.0 to 7.5 with 20% (w/v) 
NajCOj solution (-300 ml). The precipitated 5-amino methyl salicylate 2c was 
filtered, and washed with water (2 x 1000 ml). The cake was dried at 65*'C under 
reduced pressure (-250 mm of Hg) to constant weight. The yield obtained was 
90% (490g). 

M.P.: 93-95*'C [Lit. 93-95*'C; EP 0291159], 

^H-NMR (CDCI3): 3.92 ppm (3H, s, Ar.COOCH3); 6.85 ppm (2H, m, Ar-H); 7.16 
ppm (IH, d, J = 2.73 H2, Ar-H). 

Mass Spec: (167), 135, 107 and 79. 

Dimethvl 3.3*-a2o» bi8(6-bydroxvben2Qate) In 

To glacial acetic acid (500 ml) was charged S-amino methyl salicylate 2c (250 g, 1.5 
mol), while cooling the flask in a water bath (28-30*'C). The resulting slurry was 
stirred at 28-30**C for five minutes. To this, aqueous hydrogen peroxide (50% w/v, 
300 ml, 4.5 mol) was added over 6 hours. The reaction flask was immersed in water 
and maintained at 28-30°C. As the addition progressed, the slurry slowly changed 
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into a dark brown-black coloured homogenous Uquid. After the hydrogen peroxide 
addition was over, the reaction mixture was stirred at 28-30'=*C. The reaction 
tnixture became turbid after --2-3 hours and a brownish yellow precipitate was 
observed after 4-5 hours of stirring. After approximately 8 hours of stirring, the 
reaction mass became a thick brownish ycUow slvurry. The reaction mixture was 
stirred for '-22-24 hours, when 5-amino methyl salicylate 2c content was decreased 
below 1% as seen on tic. Steps (i) or (ii) could then be followed. 

(i) To isolate a mixture of Ic and 3c. the foUowing pro c edure was fnllnw^^- 

To this reaction slurry was added water (3750 mi) and stirred for 25-30 minutes for 
complete precipitation of a mixture of dimethyl 3,3'-a2o^bis(6-hydroxyben2oate) Ic 
and dimethyl 3,3'.a2oxy-bis(6-hydroxyben2oate) 3c. The precipitated mixture was 
then filtered and washed with water (2 x 500 ml). This was dien dried at 65*^0 
under reduced pressure (-250 nmi of Hg) to constant weight (moisture content was 
NMT 1.0%) to get the intermediates mixtiire in 73% yield (183 g). 

*H-NMR (CDCI3): 4.01 ppm [6H, s, 2 x Ar-COOCH^ (for a20-diester)]; 4.02 ppm 
[6H, s, 2 X Ar-COOCHa (for a2oxy-diester)]; 7.08ppm [2H, d. J = 8.8 H2, C-3 and 
C-3* Ar-H (for a2o-diester)]; 7.11 ppm [2H, d, J = 8.8 Hz, C-3 and C-3' Ar-H (for 
azoxy-diester)]; 8.07 ppm (2H, dd, J = 8.97 and 2.46 H2, C-4 and C-4' Ar-H (for 
a2o-diester)]; 8.28 ppm (IH, dd, J = 8.88 and 2.49 H2, C-4 Ar-H (for azoxy- 
diester)]; 8.42 ppm (1 H, dd, J = 8.88 and 2.49 Hz, C-4' Ar-H (for azoxy-diester)]; 
8.44 ppm (2H, d, J = 2.40 Hz, C-6 and C-6' Ar-H (for a2o-diester)]; 8.81ppm (IH, 
d, J = 2.50 H2, C-6 Ar-H (for a2oxy-diester)]; 9.05 ppm (IH, d, J = 2.50 Hz, C-6' 
Ar-H (for azoxy-diester)]; 11.10 ppm [2H, s , C-2 and C-2' Ar-OH (for azo-diester)]; 
11.15 ppm [IH, s , C-2 Ar-OH (for azoxy-diester)] and 11.16 ppm [IH, s, C-2' Ar- 
OH (for azoxy-diester)]. 

30 Mass Spec: 346 (M* for azoxy-diester), 330 (M* for azo-diester), 314, 298, 282, 254, 
179, 165, 151, 133, 119, 105,91 and 80. 



20 



25 



fii) To proceed feectly to pure product Ic. the fn U owinp prncedure was follnweH^ 
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Sulfuric acid (cone, 400 ml) was added slowly to the reaction mixture over 2.5 
hours. The resulting red coloured slurry was stirred for 10 minutes and then heated 
to 85-90*C and held at this temperature for 4 hours. The progress of the reaction 
5 (disappearance of 3c) was monitored by *H-NMR. After 4 hours the signal at 9.05 
ppm, which is characteristic of 3c, disappeared. The reaction mass was cooled to 
20-25°C and quenched by carefully adding it into cold water (lO-lS^'C, 1500 ml), 
maintaining the temperature of the quenched mass below 35'*C. The quenched 
mass was stirred for 30 minutes and then filtered. The filter cake was washed with 
10 warm water (45-50^C) (2 x 200ml) and then with methanol (2 x 50 ml) and suck 
dried. This was then dried at SO^'C under reduced pressure (--250 mm of Hg) to 
constant weight. The yield of the tide compound Ic was 85% (83 g). 

M.P.: 223-228°C. 

'H-NMR (CDCI3): 4.02 ppm (6H, s, C-1 and C-l' Ar-COOCH3); 7.10 ppm (2H, d, J 
= 8.94 Hz, C-3 and C-3* Ar-H); 8.07 ppm (2H, dd, J = 8.94 and 2.46 H2, C-4 and C- 
4' Ar-H); 8.44 ppm (2H, d, J = 2.46 Hz, C-6 and €-6* Ar-H); 11.10 ppm (2H, s, C-2 
and C-2' Ar-OH, exchanged with D2O). 

20 

Mass Spec: 330 (M*), 298, 179, 163, 151, 135, 107, 91 and 79. 
3,3'-a2o-bisr6-hYdroxvbenzoic acid^ disodm^ 

2S To a solution of sodium hydroxide (48 g, 1.2 mol in 800 ml of water) was charged 
compound Ic (80 g, 0.24 mol) at 25-30^C. The resulting dark black-red coloured 
solution was heated to mild reflux (reaction mixture temperature '-85-90*=*C) and 
was held for 90 minutes. This was then treated with activated carbon and refluxed 
further for 30 minutes. Then the reaction mixture was cooled to 45-50**C and was 

30 filtered through a celite bed (prepared in water). The ceUte bed was washed with 
water (4 x 80 ml) and was mixed with the main filtrate. Further 240 ml of water was 
added to the combined filtrate and washings and cooled to 25-30**C with efficient 
stirring. The pH of this resulting solution was adjusted to 6.0 ± 0.05 with dropwise 
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addition of 20% v/v aqueous acetic acid over 30-45 minutes. The resulting yeUow 
slurry was cooled to 0-5»C and stirred for 30 minutes to complete the 
crystalUzation. Compound Id thus obtained was filtered and washed with water (2 x 
160 ml) followed by isopropanol wash (2 x 40 ml). The wet cake obtained (107 g) 
was dried at 70°C under reduced pressure (-650 mm of Hg) for 16 hours to 
constant weight. The title compound Id was obtained in 65% yield (55 ^. 

'H-NMR pMSO-d'): 6.89 ppm (2H. d. J = 8.73 Hz. C-3 and C-3- Ar-H); 7.85 ppm; 
( 2H. dd, J = 8.73 and 2.20 Hz, C-4 and C-4', Ar-H); 8.24 ppm (2H, d. J = 2.20 Hz. 
C-6 and C-6' Ar-H). 

Mass Spec: 302 (M*- 2Na), 284, 266. 214, 165. 137, 121, 109. 93 and 81. 

It will be understood that the present invention has been described above by way of 
example only. The examples are not intended to limit the scope of the invention. 
Various modifications and embodiments can be made widiout departing from the 
spirit and scope of the invention, which is defined by the foUowing claims. 



